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(54) Ceramic metal isondlng 

(57) A ceramic-metal bonding material which can 
be used to form highly reliable sealed parts with good 
reproducibility by preventing the elements of a seal 
cover from diffusing into a brazing filler metal in a simple 
and easy airtight fitting of ceramic and metal for a vac- 
uum airtight container by using the active metal method, 
a method of manufecturing a ceramic-metal bonded 
product using the same, and a vacuum airtight con- 
tainer manufactured using the same. 

A ceramic-metal borKiing material includes a braz- 
ing filler metal 1 to be placed on the side of a seal cover 
4 made of a metal merrtber, an active metal brazing filler 
3 to be placed on the side of an insulating container 
made of a ceramic member, and an intermediate layer 2 
to be placed between the brazing filler metals 1 , 3 in 
order to prevent the constituent elements of the metal 
memt>er from diffusing; and is suitable as a sealing 
material for a vacuum airtight container. This vacuum 
airtight container has openings of the insulating con- 
tainer 5 made of the ceramic member sealed with the 
seal cover 4 made of the metal member by using the 
vacuum airtight container sealing material. 
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Description 

Background of the Invention 

LReMofthe Invention 

The present invention relates to a ceramic-metal 
bonding material suitable for manufacturing a vacuum 
airtight container to be used for vacuum valves, thyrls- 
tors or the like, a method of manufacturing a ceramic- 
metal bonded product using the same, and a vacuum 
airtight container manufactured using the same. 

2. Description of the Prior Art 

A vacuum airtight container for a vacuum Inter- 
rupter, a vacuum valve, a thyristor or the like generally 
has a structure in which a seal cover made of a metal 
member such as stainless steel is alrtightty fitted 
(bonded) to an open end of an insulating container 
made of a ceramic member or the like while keeping its 
interior in a vacuum airtight state. And, tiie Mo-Mn 
method is conventionally used to seal such a ceramic 
insulating container with a seal cover. But, tiie Mo-Mn 
method has disadvantages that it needs many proc- 
esses such as metallizing, plating and brazing, the seal- 
ing process is complicated, and a tiiermal treatment at 
a high temperature is required. 

To replace the Mo-Mn method, another sealing 
method which adopts an active metal method has been 
proposed (Japanese Patent Disclosure (Kbkai) No. 3- 
354030). This method uses an active metal-containing 
brazing filler metal (active metal brazing filler), which is 
prepared by adding an active metal such as Tl or Zr to a 
brazing filler metal such as an Ag-Cu alloy, in a paste or 
plate state with an organic binder mixed. 

A vacuum furnace used for manufacturing a vac- 
uum airtight container by the above active metal method 
does not always provide uniform heating within it. 
Therefore, when many vacuum airtight containers are 
produced in a single batch, there is a disadvantage tiiat 
a temperature increase is quick at some parts but slow 
at some other parts in the furnace. Accordingly, to have 
a prescribed temperature at any parts in the furnace, it 
is necessary to make tiie heat b-eatment time longer. 
And, it is inevitable to make the heat treatment time 
longer because when the vacuum airtight containers 
are produced, heating is conducted while evacuating 
the airtight container interior. 

When the heat ti-eatment takes a long time, there is 
a disadvantage that a constituent element such as Ni is 
eluted from the seal cover made of stainless steel or the 
like into the brazing filler metal when bonding, and 
adversely effects on the active metal brazing filler in par- 
ticular, disabling satisfactory bonding. 

As descrfoed above, the present process of produc- 
ing vacuum airtight containers needs a long heat treat- 
ing time, involving a disadvantage ttiat a constituent 
element such as Ni Is eluted from the seal cover into tiie 



brazing filler metal when bonding, and adversely effects 
on tiie active metal brazing filler in particular, disabling 
satisfactory bonding. 

But. when degassing heat ti-eatinent is effected at a 
5 high temperature as described above, tiie active metal 
brazing filler in a solid phase state is also subjected to 
the heat ti-eatment at a high temperatijre for a long dura- 
tion, and its constituent elements are excessively 
reacted, resulting in a disadvantage of adversely effect- 
10 ing on the bonding. 

Specifically, the above-described Ag-Cu-Ti brazing 
filler metal generally produces a Cu-Ti compound by the 
above solid-phase heat ti-eatment. Since this Cu-TI 
compound is stable, it remains in the liquid phase of tiie 
75 brazing filler metal which is melted, and causes adverse 
effects of deteriorating Ti activity which should infrinsi- 
cally corrtribute to the bonding by reacting witti a 
ceramic member and raising the melting point because 
the brazing filler metal composition Is displaced from the 
20 eutectic composition. Besides, tiie presence of tiie Cu- 
TI compound in the brazing ffller metal layer after ttie 
melt bonding has a tendency of producing voids around 
it, which become starting points of breakage, thus, 
causing a disadvantage of adversely effecting on a 
25 bonding property 

As described above, in tiie airtight fitting (bonding) 
of tiie ceramic member and tiie metal member by tiie 
conventional active metal mettiod, tiiere was an Issue of 
suppressing an excessive reaction of the constituent 
elements, which have an adverse effect on the bonding, 
of the active metal brazing filler. 

Summary of the Invention 

The present invention has been completed to rem- 
edy tiie above disadvantages and has as its object to 
provide a ceramic-metal bonding material which can be 
used to forni highly reliable sealed parts witti good 
reproducibility by preventing the elements of a seal 
cover from dispersing into a brazing filler metal in a sim- 
ple and easy airtight fitting of ceramic and metal for a 
vacuum airtight container by using the active metal 
method, a method of manufacturing a ceramic-metal 
bonded product using tiie same, and a vacuum airtight 
container manufactured using tiie same. 

The ceramic-metal bonding material according to 
the present invention is used to txxid a seal cover made 
of a metal member to an insulating container made of a 
ceramic member, and comprises a brazing filler metal 
component to be placed on ttie metal member, an active 
metal brazing filler component to be placed on the 
ceramic member, and an intermediate layer which is 
placed between the brazing filler metal component and 
the active metal brazing filler component and has a scM 
phase state remained in order to prevent the constituent 
elements of the metal ment^er from diffusing. 

Particularly, according to the present invention, the 
intermediate layer of the ceramic-metal bonding mate- 
rial has its part which is brought into contact with the 
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seal cover with the brazing filler metal component ther- 
ebetween, formed thicker than its both ends. 

The vacuum airtight container according to the 
present invention is a vacuum airtight container having 
an Insulating container made of a ceramic member and s 
a seal cover made of a metal member to seal openings 
of the insulating container, wherein the seal cover is 
bonded to the insulating container by using a ceramic- 
metal bonding material which is used to bond a seal 
cover made of a metal member to an insulating con- io 
tainer made of a ceramic member, and comprises a 
brazing filler metal component to be placed on the metal 
member, an active metal brazing filler component to be 
placed on the ceramic member, and an intermediate 
layer which Is placed between the brazing filler metal is 
component and the active metal brazing filler compo- 
nent and has a solid phase state remained in order to 
prevent the constituent elements of tiie metal member 
from diffusing. 

The vacuum airtight container according to the so 
present Invention is sealed by using the ceramic-metal 
bonding material, wherein the intermediate layer of the 
ceramic-metal bonding material has its part, which is 
brought into contact with the seal cover with the brazing 
filler metal component tiierebetween. formed thicker 25 
than both ends. 

And. the present invention has its object to provide 
a ceramic-metal bonding material which can prevent a 
reaction adversely effecting on bonding of the constitu- 
ent elements in an active metal brazing filler even when 30 
a solid-phase heat treatment such as a degassing heat 
treatment is conducted at a high temperature for a long 
duration, a method of manufacturing a ceramic-metal 
bonded product which can provide a stable bonded 
state even when a solid-phase heat treatment such as a 3S 
degassing heat treatment is conducted at a high tem- 
perature for a long duration, and a vacuum airtight con- 
tainer manufactured using the above-mentioned 
ceramic-metal tx>nded product 

The ceramic-metal bonding material according to 40 
the present invention comprises a laminate of an Ag 
layer, a Cu layer and an Ag layer overlaid in this order 
and a Ti-containing layer which is formed on at least one 
side of the laminate and contains at least a Ti-Ag com- 
pound. 45 

Beskies, the present invention has its object to pro- 
vkie a method of manufacturing a ceramic-metal 
bonded product which comprises placing the ceramic 
bonding material of the present invention between the 
ceramic member and the metal member so that the Ti- so 
containing layer is in contact with the ceramic member, 
and heating ttiem in a vacuum at a temperature higher 
than tiie melting point of the bonding material to bond 
the ceramic member and the metal menr^ber. 

The method of manufacturing a ceramic-metal ss 
bonded product according to the present invention can 
satisfactorily and stably bond the ceramic member and 
the metal member even when a solid-phase heat treat- 



ment is conducted at a high tenperature for a long dura- 
tion before the bonding. 

Another metiiod of manufacturing a ceramic-metal 
bonded product according to tiie present Invention 
places a bonding material which has an Ag layer, a Cu 
layer, an Ag layer and a Ti layer in this order placed 
between a ceramic member and a metal member so 
that the Ti layer is in contact witii tiie ceramic member, 
keeps them in a vacuum at a temperature of 673 K or 
above but below the melting point of the bonding mate- 
rial, and heats up to the melting point or above of ttie 
bonding material to bond the ceramic member and the 
metal member. 

Since the ceramic-metal bonding material accord- 
ing to the present invention has the Ag layer which sub- 
stantially does not change Cu into a solid solution 
between the Cu layer and the Ti-containing layer, a Cu- 
Ti compound involved in the heat treatment in a solid 
solution state can be prevented from being formed, and 
the formation of a Ti-Ag compound can be promoted. 
And, differing from the stable Cu-Ti compound, the Ti- 
Ag compound is so quick to melt into an Ag-Cu brazing 
filler metal that it melts into a liquid phase with contact- 
ing to an Ag-Cu liquid phase to form a liquid phase hav- 
ing a high Ti activity. And, the increase in melting point 
is substantially nil. Thus, good bonding with tiie ceramic 
material can be achieved stably. 

Still another metiiod of manufacturing a ceramic- 
metal bonded product according to the present inven- 
tion can prevent the formation of a Cu-Ti compound 
which adversely effects on the Ixjnding in a preheat 
treatment and attain a sufficient Ti activity because the 
Ti-Ag compound is produced. Therefore, tiie ceramic 
member and the metal member can be bonded stably 
and satisfactorily 

As described above, the ceramic-metal bonding 
material according to the invention can suppress the 
reaction which adversely effects on the bonding of tiie 
constituent elements in the active metal brazing filler 
and provide a good bonded state even when the solid- 
phase heat treatment is conducted at a high tempera- 
ture for a long duration. And, the method of manufactur- 
ing a ceramic-metal bonded product according to the 
present invention using such a ceramic bonding mate- 
rial can provide a good bonded state stably even when 
tiie solid-phase heat treatment is conducted at a high 
temperature for a long duration. Besides, the same 
good bonded state can be obtained stably by another 
metiiod of manufacturing the ceramic-metal bonded 
body 

Brief Description of the Drawin^R 

Fig. 1 is a sectional view for showing one example 
of the structure of a ceramic-metal bonded product 
using the ceramic-metal bonding material of the present 
invention with its placement with respect to a seal cover 
and a ceramic insulating container. 
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Fig, 2 is a sectional view for showing another exam- 
ple of the structure of a ceramic-metal bonded product 
using the ceramic-metal bonding material of the present 
invention with its placement with respect to a seal cover 
and a ceramic insulating container. 

Rg. 3 is a sectional view for showing still another 
example of the structure of a ceramic-metal bonded 
product using the ceramic-metal bonding material of the 
present invention. 

Fig. 4 is a sectional view for showing another exam- 
ple of the structure of a ceramic-metal bonded product 
using the ceramic-metal bonding material of the present 
invention. 

Rg. 5 is a sectional view for showing another exam- 
ple of the structure of a ceramic-metal bonded product 
using the ceramic-metal bonding material of the present 
invention. 

Rg. 6 is a sectional view for showing examples of a 
partial form of the intermediate l^er in the ceramic- 
metal bonded body of the present invention. 

Rg. 7 is a sectional view for showing one example 
of tiie structure of a ceramic-metal bonded product of 
the present invention using the intermediate layer 
shown in Rg. 4 with its placement with respect to a seal 
cover and a ceramic insulating container. 

Rg. 8 is a sectional view for showing another exam- 
ple of the structure of a ceramic-metal bonded product 
of the present invention using tiie intermediate layer 
shown in Rg. 4 with its placement with respect to a seal 
cover and a ceramic insulating container. 

Rg. 9 is a perspective view for showing the appear- 
ance of the ceramic-metal bonded body, tiie seal covers 
and the ceramic insulating container assembly of the 
present invention. 

Rg. 10 is a sectional view for showing one example 
of a partial shape of the Intermediate layer of the 
ceramic-metal bonded body of the present invention. 

Rg. 1 1 is a sectional view for showing one example 
of a partial shape of tine intermediate layer of the 
ceramic-metal bonded body of the present invention. 

Rg. 12 is a sectional view for showing a structure of 
the ceramic-metal bonded body of tine present inven- 
tion. 

Fig. 1 3 is a diagram for schematically showing the 
observed cross section of a bonded part of the ceramic- 
metal bonded product of tiie present invention. 

Rg. 14 is a diagram for schematically showing the 
observed cross section of a bonded part of tiie ceramic- 
metal bonded product of Comparative Example 4. 

Rg. 15 is a diagram for schematically showing the 
obsen^ed cross section of a sealed part of the vacuum 
airtight container of Exanple 6. 

Rg. 16 is a diagram for schematically showing the 
observed cross section of a sealed part of the vacuum 
airtight container of Comparative Example 5. 



Description of the Preferred Embodiments 

The present invention will be described in detail 
below. 

5 The present invention relates to a ceramic-metal 
bonding material suitable as a sealing material for a 
vacuum airtight container, which has made it possible to 
form highly reliable sealed parts witii good reproducibil- 
ity by preventing the elements of a seal cover from dif- 
10 fusing into a brazing filler metal in a simple and easy 
sealing of a vacuum airtight container by using the 
active metal method, a method of manufacturing the 
same, and a vacuum airtight container using the same. 
The ceramic-metal bonding material of the present 
15 invention comprises three members: a brazing filler 
metal component, an intermediate layer and an active 
metal brazing filler component. When it is used as a 
sealing material for a vacuum airtight container, it is 
specifically made of a laminate of foils or sheets of a 
20 brazing filler metal 1 such as an Ag-Cu brazing filler 
metal, an intermediate layer 2, and an active metal braz- 
ing filler 3 such as an Ag-Cu-Ti brazing filler metal as 
shown in Rg. 1 for example. 

Specifically, a sealing material for a vacuum airtight 
25 container, which is used to bond a seal cover 4 made of 
a metal member to an insulating container 5 made of a 
ceramic member, comprises a brazing filler metal com- 
ponent to be placed on the metal member, an active 
metal brazing filler component to be placed on the 
ceramic member, and an intermediate layer which is 
placed between the brazing filler metal component and 
the active metal brazing filler component and prevents 
the constituent elements of ttie metal mender from dif- 
fusing. 

Brazing filler metal components suitakrie for tiie 
brazing filler metal 1 include Ag-Cu. Ag-Cu-ln. Ag-Cu- 
Sn. and Ag-Pd. And, active metal brazing filler compo- 
nents suitable for the active metal brazing filler 3 include 
alloys of tiie brazing filler metal and an active metal, a 
laminate of a brazing filler metal and an active metal, 
and a mixture thereof. Active metals used include Tl, Zr, 
Hf, Al, Cr, Nb. V and alloys containing them. The brazing 
ffller metal components and the active metal brazing 
f flier components can form a part of the ingredients of 
the above brazing filler metal and the active metal braz- 
ing filler. The active metal is preferably used in an 
amount of 0. 1 to 30% by weight witii respect to the braz- 
ing filler metal. When the active metal is below 0.1% by 
weight, sufficient wetting may not be attained for the 
insulating container made of a ceramic member, and 
when it exceeds 30% by weight, the melting point may 
be raised more than necessary. Besides, it is preferable 
to use tiie active metal in an amount of 0.5 to 15% t}y 
weight in order to suppress a compound phase Incon- 
venient for the bonding from being produced. 

The brazing filler metal 1 and the active metal braz- 
ing filler 3 are preferably set to a minimum thickness for 
bonding, namely about 5 fim to 2 mm. And, in order to 
promote ttie keeping of ttie airtight container interior in a 
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vacuum, it is also effective to have at least either of the 
brazing filler metal or the active metal brazing filler 
formed to be a corrugate brazing filler metal 31 as 
shown in Fig. 2 or a porous brazing filler metal 32 as 
shown In Fig. 3. 5 

The intermediate layer 2 in the sealing material for 
the vacuum airtight container of the present invention is 
a diffusion barrier layer for preventing the constituent 
elements of the metal member, which forms the seal 
cover in the heat treatment for bonding, from diffusing io 
Into the active brazing filler metal. For example, when a 
seal cover of stainless steel Is used. Ni which Is one of 
the constituent elements of stainless steel has a disad- 
vantage of eluting into the brazing filler metal, but when 
the intermediate layer is used as a diffusion barrier layer is 
against Ni. Ni can be prevented from eluting into the 
brazing filler metal. 

As the intermediate layer 2, it is preferable to use a 
solid phase material, such as a metal material of Cu, 
which delays a diffusion rate of the constituent elements 20 
of the metal material In the heat treatment and can pre- 
vent the constituent elements off the metal member from 
reaching the active metal t>razing filler. 

And. the intermediate layer 2 is required to have a 
thickness enough to serve as the diffusion barrier layer 2s 
even when the intermediate layer itself melts into the 
brazing filler metal during the heat treatment. Specifi- 
cally, the intermediate layer preferably has a thickness 
of about 25 )im to 1 mm. though variable depending on 
the quantity of the brazing filler metal and the duration of 30 
heat treatment When the intermediate layer is thinner 
than 25 pim, it may be melted into the brazing filler metal 
when bonding, possibly failing to fully function as the dif- 
fusion barrier layer. On the other hand, when it is thicker 
than 1 mm. it is not desirable because the ceramic 35 
member may be broken due to a residual stress. 

The intermediate layer 2 may be made of any metal 
material as far as the above conditions are k)asically sat- 
isfied. But, it Is preferable to use a metal having a low 
expansion coefficient or a low Young's modulus. More 40 
specifically, the above Ni diffusion banier layer prefera- 
tDly use a metal having a low expansion coefficient such 
as W, Mo. Fe or Ta or a metal having a low Young's mod- 
ulus such as Ag or Cu. It is particularly preferable to use 
Ag or Cu as the intermediate layer which is good to 4S 
match the brazing filler metal when the Ag-Cu brazing 
filler metal is used as the brazing filler metal. 

Besides, the brazing filler metal 1 or the active 
metal brazing filler 3 may be a laminate of layers having 
a unit of constituent elements. Otherwise, it can be con- so 
figured in which as shown in Fig, 4. an active metal film 
6 is formed on the main surface of the intermediate layer 
2 on the side of the insulating container 5. brazing filler 
metals 1.101 are placed on either side of the intermedi- 
ate layer 2 respectively, and the brazing filler metal 101 ss 
and the active metal k>Fazing filler 6 form an active metal 
brazing filler 7 on the side of the insulating container 4 
when making the heat treatment 



And. when Ag or Cu is used as the intermediate 
layer 2, the intermediate layer 1 may have a structure of 
(1) a brazing filler metal component = Ag layer, an inter- 
mediate layer = Cu layer, and an active metal compo- 
nent s Ag and active metal layers; or (2) a brazing filler 
metal component = Cu layer, an intermediate layer = Ag 
layer, and an active metal component = Cu and active 
metal layers. When structured as described above, a 
part of the intermediate layer can be used as a brazing 
filler metal. 

Specifically, as shown In Rg. 5, Ag films 8. 81 are 
formed as the brazing filler metal component and the 
active metal brazing filler component on either of the 
main side of the intermediate layer 2 made of Cu for 
example, and the active metal film 6 is formed on the Ag 
film 81 on tfie side of an insulating container 51 . In such 
a structure, the Ag film 8 on the side of a seal cover 41 
and a part of the intermediate layer 2 of Cu form a braz- 
ing filler metal 9 during the heat treatment, and the Ag 
film 81 on the side of tiie insulating container, the active 
metal film 6 and a part of the intermediate layer 2 of Cu 
form an active metal brazing filler 71 during tine heat 
treatment In this case, tiie intermediate layer 2 of Cu is 
determined to have a thickness so that a solid phase 
part which becomes the diffusion barrier layer remains 
even when a part of the thickness is used as the brazing 
filler metal during the heat treatment. 

To produce the sealing material described above, 
various methods can be adopted to make a laminated 
layer of foils or sheets, or a PVD method such as a plat- 
ing method or a sputtering method to make a film. 

The intermediate layer may have a simple shape of 
flat sheet But, a residual stress may be produced due 
to a difference in thermal expansion between the inter- 
mediate layer and the ceramic member depending on 
the heat treatment conditions and materials, possibly - 
causing adverse effects of cracking or breaking the 
ceramic insulating container. 

Specifically, when the intermediate layer is made 
thin to eliminate an effect of the residual stress, the 
intermediate layer is deformed during the heat treat- 
ment and melts into the brazing filler metal at parts 
where the intermediate layer is in contact witii tiie braz- 
ing filler metal on tiie side of tiie seal cover. As a result, 
tiie intermediate layer may not serve as tiie diffusion 
ban'ier layer and the reliability of tiie sealed part may be 
lowered. The cause is presumed that the brazing filler 
metal takes an excessively long time to melt at some 
area within the furnace when tiie heat treatment time 
becomes long. 

As shown in Fig. 6, an intermediate layer 10. which 
has a shape tiiat a part 10a which is contacted with the 
seal cover with the brazing filler metal therebetween is 
made ttiick and both ends 10b are made thin, can pre- 
vent partial cracks or breakage of ceramic. 
Specifically, various shapes may be formed witti both 
ends 10 of the intermediate layer 10 sloped (including 
curved slopes) as shown in Fig. 6 (a) and Fig. 6 (b), and 
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formed with both ends 10b of the intermediate layer 10 
stepped as shown in Fig. 6 (c). 

To use the intermediate layers 10 of Fig. 6 (a) to 
Fig. 6 (c). the brazing filler metal 1 is placed on the inter- 
mediate layer 1 0 on the side of the seal cover 4 and the s 
active metal brazing filler 3 is placed on the intermediate 
layer 10 on the side of the insulating container 5 as 
shown in Fig. 7, or the brazing filler metal 1 is formed as 
a film to cover the intermediate layer 10 and the active 
metal film 6 is formed on the side of the insulating con- io 
tainer 5 as shown in Fig. 8. Thus, various structures can 
be adopted In the same way as using the Intermediate 
layer having a flat sheet shape. 

As shown In Fig. 9, the vacuum airtight container of 
the present invention is formed by sealing (bonding) the is 
ceramic Insulating container 5 for structuring a vacuum 
container in a vacuum and the metal seal covers 4 for 
sealing the openings of the insulating container 5 by 
using sealing materials 1 1 for the above<lescribed vac- 
uum airtight container. The above-described cross sec- 20 
tions of specific sealing materials are taten along l-l* in 
Fig. 9. 

The above insulating container 5 Is not limited to a 
particular material but preferably a thermally stable 
oxide-based ceramic material such as alumina (AI2O3). 25 
magnesia (MgO) or silica (Si02). because it is required 
to be stable in the production of the vacuum airtight con- 
tainer at a high temperature. And. the seal cover is not 
limited to a particular material and may use 42-alloy 
(42Ni-58Fe alloy) copper, or ordinary stainless steel 30 
(SUS304L). 

To produce the vacuum airtight container of the 
present invention, respective parts are positioned as 
shown in Rg. 9 and the heat treatment is performed to 
seal while evacuating the interior of the vacuum con- 35 
tainer which consists of the ceramic insulating container 
5 and the seal covers 4 in a vacuum. A degree of vac- 
uum is higher, the better, and preferably higher than the 
order off 0.01 Pa. so that the vacuum container interior 
can be fully evacuated. The heat treatment can be per- 40 
formed at a temperature in a range of the melting tem- 
peratures or higher of the brazing filler metal and the 
active metal brazing filler and not higher than a temper- 
ature 100 K higher than the above melting tenpera- 
tures. A retention time is desired to be short as far as 45 
the respective brazing filler metals are completely 
melted, and preferably one minute or more so as to melt 
the respective brazing filler metals thoroughly and 
within one hour to prevent the constituent elements of 
the respective brazing filler metals from being evapo- so 
rated. 

When the vacuum container placed In the furnace 
is inclined, the molten metal may flow to a lower part 
and not spread uniformly, but the intermediate layer 
used senses to hold the molten metal by capillary action ss 
when the inclination is a few degrees, allowing good 
sealing. 

The present invention will be described in more 
detail below by way of its Examples. 



Example 1. Ck)mDarative Example 1 

Each ring 1 1 made of Cu and having an outer diam- 
eter of 49 mm. an Inner diameter of 41 mm. and a thick- 
ness of 0.2 mm was shaped in its cross section to have 
a part 1 1 a which has a width of 2 mm and a thickness of 
2 mm and is contacted to tiie seal cover 5 with a brazing 
filler metal therebetween, and to have botii sides lib. 
1 1 b each slanted to a tiiickness of 0. 1 mm to a length of 
1 mm as shown in Rg. 10. 

The Cu ring having the above cross section was 
used as the intermediate layer, an Ag film having a 
tiiickness of about 40 ^m was plated on its both sides, 
and a Ti film having a tiiickness of about 3 jim was 
formed on the surface which comes in contact with a 
ceramic insulating container by a sputtering metiiod to 
produce a sealing material for a vacuum airtight con- 
tainer. 

In the above vacuum airtight container sealing 
material, the Ag film formed on the surbce by metal 
plating which is brought into contact with the seal cover 
is a brazing filler metal component, and the Ag film and 
a part of tiie Cu ring form a brazing filler metal during 
the heat treatment. And, the Ti film formed on the sur- 
face which comes In contact with the ceramic insulating 
container and the Ag film are active metal brazing filler 
components, and the TI film, the Ag film and a part of 
the Cu ring form an active brazing filler metal during the 
heat treatment. 

Meanwhile, an alumina cylindrical container having 
an outer diameter of 50 mm, an inner diameter of 40 
mm, and a height of 60 mm was prepared. The above 
sealing material was disposed on both openings of the 
alumina cylindrical container to have the Ti film con- 
tacted with tiie container. Besides, a seal cover made of 
SUS304L was placed on each sealing material. 

The alumina cylindrical container having the seal 
covers was placed In a vacuum furnace, heated up to 
1 083 K at a heating rate of 10 K/min in a vacuum of 2.7 
x 10*"^ Pa, kept at the same temperature to remove the 
ignition gas (as degassing) in the furnace for 120 min- 
utes, heated up to 1083 K at a heating rate of 10 K/min. 
and kept at the same temperature for 10 minutes to 
effect sealing. 

The sealed section of the vacuum airtight container 
tiius produced was examined to find that the Cu ring 
had a Cu solid phase part having a thickness of about 
0.1 mm as the intermediate layer. This thickness was 
sufficient to function as the diffusion barrier layer for Ni 
eluted from SUS304L which was a constituent material 
for the seal cover during the heat treatment for sealing. 
And. the sealed section had a good flow of the brazing 
filler metal to form a sufficient leg length (a sufficient 
wetting), and no leak was obsen^ed. Beskles, the seal 
cover subjected to a tension test had a sufficient 
strength of 1000 kgf. 

In Comparative Example 1, seal covers of 
SUS304L were used to seal an alumina cylindrical con- 
tainer under tine same conditions as in Example 1 
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except that a sealing material consisting of a 72% Ag- 
Cu alloy foil having a thickness of 100 \Ltr\ and a Ti foil 
having a thickness of 6 ^ was used. The sealed sec- 
tion of the vacuum airtight container thus produced was 
examined to find that bonding by the active metal braz- $ 
ing filler was Incomplete because Ni was eluted from 
SUS304L which was a constituent material for the seal 
cover into the active brazing filler metal, and leak was 
observed clearly. And, it could not be subjected to the 
tension test. And, the active metal brazing filter did not io 
flow toward the alumina cylindrical container, and only 
the seal covers were wet. 

Example 2. Comparative Example 2 

IS 

Each ring 1 2 made of Cu and having an outer diam- 
eter of 49 mm, an inner diameter of 41 mm, and a thick- 
ness of 0.2 mm was shaped in its cross section to have 
a protruded part 12a which has a width of 2 mm and a 
height of 0. 1 5mm and is contacted to the seal cover with 20 
a brazing filler metal therebetween, and to have its both 
sides 12b. 12b each shaped to a thickness of 0.1 mm as 
shown in Fig. 11. 

Using the Cu ring having the above cross section 
as the intermediate layer, an Ag-Cu brazing filler metal 25 
having a thickness of 200 \Lm was placed on the pro- 
truded part on the side of the seal cover, and an Ag-Cu- 
Ti brazing filler metal containing 1.S% by weight of Ti 
and having a thickness of 50 fim was placed to prepare 
a sealing material for a vacuum airtight container. 30 

Meanwhile, an alumina cylindrical container having 
an outer diameter of 50 mm. an inner diameter of 40 
mm, and a height of 60 mm was prepared. The above 
sealing material was disposed on both openings of the 
alumina cylindrical container with the protruded part as 
opposed to the seal cover, and a seal cover made of 42- 
alloy was placed on it. 

The alumina cylindrical container having the seal 
covers was placed in a vacuum furnace, heated up to 
1 043 K at a heating rate of 1 5 K/min in a vacuum of 2.7 40 
X 10"* Pa, kept at the same temperature to remove the 
ignition in the furnace for 60 minutes, heated up to 1083 
K at a heating rate of 15 K/min, and kept at the same 
temperature for 10 minutes to effect sealing. 

The sealed section of the vacuum airtight container 45 
thus produced was examined to find that the intermedi- 
ate layer made of the Cu ring was not thoroughly 
melted, and sufficient to function as the diffusion barrier 
layer for Ni eluted from the 42-alIoy which was a constit- 
uent material for the seal cover during the heat treat- so 
ment for sealing. And. the sealed section had a good 
flow of the brazing filler metal to form a sufficient leg 
length, and no leak was observed. Besides, the seal 
cover subjected to a tension heat had a sufficient 
strength at 1 000 kgf . ss 

In Comparative Example 2. seal covers of the 42- 
alloy were used to seal an alumina cylindrical container 
under the same conditions as in Example 2 except that 
a sealing material consisting of a 72% Ag-Cu alloy foil 



having a thickness of 100 ^m and a TI foil having a thick- 
ness of 6 fim was used. 

The sealed section of the vacuum airtight container 
thus produced was examined to find that bonding by the 
active metal brazing filler was incomplete because Ni 
was eluted from the 42-alloy which was a constituent 
material for the seal cover into the active metal brazing 
filler, and leak was observed deariy. And. it could not be 
subjected to the tension test. And, the active metal braz- 
ing filler did not flow toward the alumina cylindrical con- 
tainer, and only the seal covers were wet. 

Example 3. Comparative Example 3 

A ring of Cu having an outer diameter 89 mm, an 
inner diameter 85 mm. and a thickness of 0.2 mm was 
shaped to have a cross section as shown in Fig. 10 by 
the same way as in Example 1 . Using this Cu ring as the 
intermediate layer, an Ag film having a thickness of 
about 40 ^m was formed on its both sides by a plating 
method, and a Ti film having a thickness of about 3 \im 
was formed on the surface which is contacted to a 
ceramic insulating container by a metallizing method to 
produce a sealing material for a vacuum airtight con- 
tainer. 

In the above vacuum airtight container sealing 
material, the surface which is in contact with the seal 
cover becomes a brazing filler metal during the heat 
treatment In the same way as in Example 1 , and the sur- 
face which is in contact with the ceramic insulating con- 
tainer becomes a brazing filler metal during the heat 
treatment. 

Meanwhile, an alumina cylindrical container having 
an outer diameter of 90 mm, an inner diameter of 84 
mm. and a height of 180 mm was prepared. The above 
sealing material was disposed on t>oth openings of the 
alumina cylindrical container to have the Ti film con- 
tacted with the container. Besides, a seal cover made of 
42-alloy was placed on each sealing material. 

The alumina cylindrical container having the seal 
covers was placed in a vacuum furnace, heated up to 
1013 K at a heating rate of 10 K/min in a vacuum of 2.7 
X IO""* Pa, kept at the same temperature to remove the 
ignition in the furnace for 120 minutes, heated up to 
1093 K at a heating rate of 10 K/min. and kept at the 
same temperature for 20 minutes to effect sealing. 

"The sealed section of the vacuum airtight container 
thus produced was examined for its cross section to find 
that the Cu ring had a Cu solid phase part having a 
thickness of about 0.1 mm as the intermediate layer. 
This thickness was confirmed to be sufficient to function 
as tiie diffusion barrier layer for Ni eluted from tiie 42- 
alloy which was a constituent material for the seal cover 
during tiie heat ti-eatment for sealing. And. tiie sealed 
section had a good flow of the brazing filler metal to 
form a sufficient leg length, and no leak was observed. 
Besides, tfie seal cover subjected to a tension test had 
a sufficient strength of 1000 kgf. 
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In Conparative Example 3. seal covers of the 42- 
alloy were used to seal an alumina cylindrical container 
under the same conditions as in Example 3 except that 
a sealing material used had an Ag-Cu brazing filler 
metal havirig a thickness of 0.05 mm. a flat Cu ring hav- 
ing a thickness of 0.2 mm. a Tl foil having a thickness of 
3 Jim. and an Ag-Cu brazing filler metal having a thick- 
ness of 0.05 mm laminated in this order from the seal 
cover. The sealed section of the vacuum airtight con- 
tainer thus produced was examined for its cross section 
to find that parts of the Cu ring which were in contact 
with the brazing filler metal had an average thickness of 
about 0.1 mm because of elutlon into the brazing filler 
metal, and those of the Cu ring which were not in con- 
tact had a thickness of about 0.2 mm. The seal cover 
subjected to a tension test had a low strength of 700 kgf 
as compared with the vacuum airtight container of 
Example 3. 

As described above, the vacuum airtight container 
sealing material of the present invention can prevent the 
elements of the seal cover from diffusing into the active 
metal brazing filler by means of the intermediate layer, 
so that it is possilsle to form highly reliable sealed parts 
with good reprodudbiiity. And. the vacuum airtight con- 
tainer of the present invention using the above vacuum 
airtight container sealing material can provide the 
sealed parts with a high bonding strength and good reli- 
ability. 

As other Examples of the present invention, there 
will be described a method of manufacturing a ceramic- 
metal borxSed product which can prevent a reaction 
adversely effecting on bonding of the constituent ele- 
ments in an active metal brazing filler and stably provide 
a good bonded state even when a solid-phase heat 
treatment such as a degassing heat treatment is con- 
ducted at a high temperature for a tong duration. 

The ceramic-metal bonding material of the present 
invention comprises a laminate of an Ag layer, a Cu 
layer and an Ag layer and a Ti-containing layer which is 
formed on at least one side of the laminate and contains 
at least a Ti-Ag compound. 

Since the ceramic-metal bonding material accord- 
ing to the present invention has the Ag layer which sub- 
stantially does not change Cu into a solid solution 
between the Cu layer and the Ti-containing layer, a Cu- 
Ti compound involved In the heat treatment in a solid 
solution state can be prevented from being formed, and 
the formation of a Tl-Ag compound can be promoted. 
And. differing from the stable Cu-Ti compound, the Ti- 
Ag compound is so quick to melt into an Ag-Cu brazing 
filler metal that it melts into a liquid phase upon contact- 
ing with an Ag-Cu liquid phase to form a liquid phase 
having a high Ti activity. And. the Increase in melting 
point is substantially nil. Thus, good bonding with the 
ceramic material can be achieved stably. 

Rg. 12 is a sectional view for showing a structure of 
the ceramic-metal bonding material according to one 
embodiment of the present invention. In the drawing, 
reference numeral 201 designates a laminate consisting 



of an Ag layer 202, a Cu layer 203, and an Ag layer 204 
laminated in this order, and a Ti-containing layer 205 
which contains a Ti-Ag compound is formed on at least 
one side of the laminate 201 . 
5 In the ceramic-metal tx^nding material having the 
structure as desaibed above, since the Ag layer 204 is 
formed which substantially does not change Cu into a 
solid solution between the Cu layer 203 and the Tl-con- 
taining layer 205, a Cu-TI conpound involved in the heat 
10 treatment in a solid solution state can be prevented from 
being formed, and the formation of a Ti-Ag compound 
can be promoted. And, by providing an active metal Ti 
not as a pure Ti but as a Ti compound, Ti before bond- 
ing can be suppressed from being oxidized, and the Tl 
15 activity contributing to bonding can be attained stably 
And, differing from the stable Cu-Ti compound, the 
Ti-Ag compound is quick to melt into the Ag-Cu brazing 
f nier metal, and quickly melts into the liquid phase upon 
contacting with the Ag-Cu liquid phase, forming a braz- 
ing filler metal liquid phase having a high Ti activity. And. 
the melting point is substantially not recognized to 
increase. Therefore, good t>onding with the ceramic 
mender can be achieved stably, and a brazing filler 
metal layer (bonding layer) which is dense and excelling 
in a bonding property and an airtight property can be 
obtained. On the other hand, since the Cu-Ti compound 
has a slow melting rate into the Ag-Cu liquid phase, it is 
staksle in the form of a solid phase for a long duration, 
becoming a cause of forn^ng a brazing filler metal liquid 
phase having a low Ti activity. And, it is also confirmed 
to raise tiie melting point. 

The Ti-containing layer 205 is satisfactory when it 
contains at least a Ti-Ag compound and consists of for 
example a single layer of a Ti-Ag oon>pound or a Ti layer 
containing a Tl-Ag compound. And, the Ti-Ag com- 
pound In the Ti-containing layer 205 is preferably con- 
tained in 10% by weight or more, and more preferably 
60% by weight or more. When the Ti-Ag compound in 
the Ti-containing layer 205 is less than 10% by weight, 
the above-described effects may not be attained fully. It 
is preferable that the Ti composition as the entire bond- 
ing material is about 0.1 to 30% by weight with respect 
to tiie Ag-Cu brazing filler metal. When the Ti composi- 
tion is less than 0.1% by weight, suffident wettability to 
the ceramic member may not be attained, and when it 
exceeds 30% by weight, tiie melting point may be raised 
more than necessary. Besides, the Ti composition is 
preferably 0.5 to 15% by weight to suppress a com- 
pound phase not suitable for bonding from being pro- 
duced. 

As to a ratio of Ag and Cu (a ratio of tiie Ag layer 
202 and the Cu layer 203. and of the Ag layer 204 and 
tiie Cu layer 203), a eutectic corrposition may be used. 
But. when used for bonding witti a metal member con- 
taining Tl such as 42-alloy, diffusion of Ni into the braz- 
ing filler metal may have an adverse effect on a bonding 
property. Therefore, it is preferable tiiat tiie composition 
is made to have Cu which is contained in tiie bonding 
material remained without melting and to function tiie 
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unmelted Cu intermediate layer as the diffusion t>arrier. 
Specifically, a thickness ratio (weight ratio) of Ag:Cu is 
preferably about 1 :0.7 to 1 0. so that part of the Cu layer 

203 retains a solid phase in the brazing filler metal. 
The ceramic-metal bonding material of the present 

invention is effective to bond (seal) the ceramic member 
and the metal member in manufacturing a vacuum air- 
tight container such as a vacuum valve and a thyristor. 
But. it can also be used to bond ceramic members 
mutually by forming the Ti-containing layer 20 on both 
sides of the laminate 201 . 

The ceiBmic-metal boncfing material described 
above can be manufactured as follows. Rrst. the Ag lay- 
ers 202, 204 are formed on either surface of the Cu 
layer 203 respectively by cladding or plating to form the 
laminate 201 . A ratio of Ag to Cu is as described above. 

Then, the Tl-containing layer 205 containing the Ti- 
Ag compound is formed in contact with the Ag layer 202 
or 204 on at least one surface of the laminate 201. To 
form the Ti-containing layer 205, the Ti-Ag compound 
such as TiAg or Ti^ Ag is directly cladded, or the Ti-Ag 
compound layer may be formed by a PVD method such 
as a sputtering method. 

And, the Ti-containing layer 205 containing a Ti-Ag 
compound such as Tl A or Tia Ag can be formed by form- 
ing the Ti layer on at least either of the Ag layer 202 or 

204 on the laminate 201 and heating. In this case, it Is 
preferable to form the Ti layer by the PVD method such 
as a metallizing method or a plating method to promote 
the reaction between Ti and Ag. To form the Ti-Ag com- 
pound by the heat treatment, the formation of the com- 
pound by the heat treatment can be promoted by 
combining Ag (200) orientation and Ti (002) orientation 
though not particularly limited to the relation between 
the crystal orientations of both layers. 

The heat treatment for forming the above Ti-Ag 
compound is preferably performed in a vacuum higher 
than the order of 0.1 Pa at temperatures of 673 to 973 K 
to prevent Ti from being oxidized. When the heat treat- 
ment temperature is less tiian 673 K, the Ti-Ag com- 
pound may not be formed satisfactorily, and when it 
exceeds 973 K. a compound phase which is inconven- 
ient for bonding may be produced in addition to the Ti- 
Ag compound. 

The method of manufacturing a ceramic-metal 
bonded product uses the above-described ceramic- 
metal bonding material of the present invention to bond 
(seal) a ceramic member and a metal member. 

Specifically, the above-described ceramic-metal 
bonding material of the present invention is placed 
between a ceramic member and a metal member so 
that the H-containing layer 205 comes in contact with 
the ceramic member. In this state, they are heated in a 
vacuum to bond (seal) the ceramic member and the 
metal member. 

TTie ceramic member and the metal member which 
are members to be bonded are not particularly speci- 
fied, but tiiey are suitable for bonding (sealing) of a 
metal end plate and a ceramic container which are con- 



stituent members for a vacuum airtight container such 
as a vacuum valve which is required to be heated at a 
high temperature for a fong duration (degassing heat 
treatment). 

5 A degree of vacuum at the heat treatment is prefer- 
ably higher than 0.1 Pa. And, the heat treatment tem- 
perature is desiraljly tiie melting temperature or higher 
of tiie Ag-Cu brazing filler metal and not higher than a 
temperature 100 K higher than the above melting tem- 

10 perature. The Ti-Ag compound is easy to melt into the 
Ag-Cu brazing filler metal and does not raise the melting 
point unlike the Cu-Ti compound. Therefore. It can be 
satisfactorily bonded under tiie heat treatment condition 
tiiat the ordinary Ag-Cu brazing filler metal melts. The 

15 retention time is preferably short under a condition that 
tiie brazing filler metal melts. Specifically, the retention 
time is preferably one minute or more to completely melt 
the brazing filler metal but one hour or less to prevent 
the constituent elements of the brazing filler metal from 

20 being evaporated. 

When the heat treatment is performed by using tiie 
ceramic-metal bonding material of the present invention 
under tiie above-described conditions, the production of 
a Cu-Ti compound which has an adverse effect on 

25 bonding can be prevented and a sufficient Ti activity can 
be attained by the Ti-Ag compound even when the heat 
treatment is performed at a high temperature for a long 
duration, such as a degassing heat treatment before 
bonding (sealing), so tfiat the ceramic member and tiie 

30 metal member can be bonded stably and satisfactorily. 
And, a good bonded body (sealed body) can be attained 
because a brazing filler metal layer which is a fine 
eutectic mixture composition and e3a;elling in a bonding 
property and an airtight property can be obtained by the 

35 heat treatment for bonding. 

"TTie method of manufacturing anotiier ceramic- 
metal bonded body of the present invention will be 
described. First, a bonding material having an Ag layer, 
a Cu layer, an Ag layer and a Ti layer laminated in this 

40 order is placed between a ceramic member and a metal 
member so that the Ti layer comes in contact with the 
ceramic member. This bonding material Is in tiie same 
state before the heat treatment for making the Ti-Ag 
compound in the production process of tiie above- 

45 described bonding material of the present invention. 
Specifically, the manufacturing method, the Ti composi- 
tion and the Ag-Cu composition are as descrit>ed 
above. 

The ceramic member and tiie metal member are 
50 bonded by performing the heat treatment in a vacuum 
under the above conditions, but before the heat treat- 
ment for tx>nding, namely before melting the k>razing 
filler metal, they are once kept at a temperature of 673 
K or above but less than the melting temperature of the 
55 bonding material (preheat treatment). This preheat 
treatment suppresses tiie formation of the Cu-Ti com- 
pound, and the Ti-Ag compound is produced. When the 
preheat treatment temperature is less than 673 K. tiie 
Ti-Ag compound may not be produced satisfactorily. 
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Specifically, the upper limit of the preheat treatment 
temperature Is preferably 1050 K, 

This preheat treatment can be performed together 
with the degassing heat treatment in the production of 
the vacuum airtight container. And, the preheat treat- s 
ment is determined to be performed for about 30 min- 
utes to five hours to produce the Tl-Ag compound, but 
when it is performed together with the degassing heat 
treatment, this duration may conform with the conditions 
of the degassing heat treatment. io 

Then, the temperature is raised to the melting tem- 
perature or more of the Ag-Cu brazing filler metal but 
not Ngher than a temperature ICQ K higher than the 
aK30ve melting tenperature to melt the brazing filler 
metal so that the ceramic member and the metal mem- 75 
ber are bonded. It Is preferable that the vacuum condi- 
tion for the preheat treatment and the condition for the 
bonding heat treatment are the same as in the above- 
described manufacturing method. 

According to this method of manufacturing the 20 
ceramic-metal bonded body, even when the solid phase 
heat treatment at a high temperature for a long duration, 
such as the degassing heat treatment, is performed 
before tx>nding (sealing), this treatment is equivalent to 
the preheat treatment and prevents the formation of the 25 
Cu-Ti compound which has an adverse effect on bond- 
ing, and the Ti-Ag compound is produced. And. since a 
satisfactory Ti activity is attained by virtue of this Ti-Ag 
compound, the ceramic memk^er and the metal member 
can be bonded stably and satisfactorily. And, a good 30 
bonded body (sealed body) can be attained because a 
brazing filler metal layer which is dense and excelling in 
a t)onding property and an airtight property can be 
obtained by the heat treatment for bonding. 

When the members to be bonded are placed in a 35 
furnace and have an inclined interface, the molten metal 
may flow to a lower part and become not uniform. Par- 
ticularly, when the metal member has an area which is 
smaller than the bonding surface of the ceramic mem- 
ber, the brazing filler metal may not flow thoroughly In 40 
such a case, in any of the above-described manufactur- 
ing methods, part of the Cu layer in the bonding material 
may be existed as a solid phase during the txsnding as 
the intermediate layer having an area substantially 
same as the bonded surface, and good sealing can be 45 
made with all surfaces uniformly bonded without any 
defect because the brazing filler metal iiqutd phase is 
held between the Cu layer and the ceramic member. 

Example 4. Comparative Example 4 so 

An Ag layer was plated to a thickness of atxxjt 40 
\im on either surface of a Cu sheet which has a thick- 
ness of 0.2 mm. and a Ti layer was vacuum plated to a 
thickness of 3 p,m onto one of the Ag layers to form a ss 
bonding material. Meanwhile, an alumina member hav- 
ing a diameter of 30 mm and a thickness of 5 mm and 
an SUS304 member having the same size were pre- 
pared as members to be bonded. The bonding material 



was placed between the alumina member and the 
SUS304 memfc>er so that the Ti layer is in contact with 
the alumina member. And, they were heated up to 1013 
K at a heating rate of 10 K/min in a vacuum of 2.5 x 10' 
* Pa. kept at the same temperature for two hours to pro- 
duce a Ti-Ag compound. Sidssequentiy. heating was 
made up to 1058 K at a heating rate of 10 K/min, and 
this temperature was kept for five minutes to bond the 
alumina member and the SUS304 member. 

To compare with Example 4, Comparative Example 
4 was conducted in which a flat Ti-Ag-Cu alloy brazing 
filler metal having a thickness of 200 )im was used as a 
bonding material and placed between an alumina mem- 
ber and an SUS304 member each having the same 
size, and they were heated under the same conditions 
as in Example 4 to ttond tiie alumina member and tiie 
SUS304 member. 

The ceramic-metal bonded products produced In 
Example 4 and Comparative Example 4 were examined 
for their conditions. It was found that tiie bonded product 
of Example 4 was appropriately bonded. As shown in 
Rg. 13 which schematically shows a cross section of 
the bonded part examined, a Ti segregation layer 211a 
was formed in a bonding layer 21 1 to face an alumina 
member 212, and the brazing filler metal layer 212 itself 
had a fine eutectic texture. In tiie drawing, reference 
numeral 213 designates tiie SUS304 member. 

On tiie otiier hand, in the bonded kxxJy according to 
Comparative Example 4. tiie brazing filler metal did not 
melt completely and the SUS 304 member was easily 
separated at the bonded portion. As shown in Rg. 14 
which schematically shows a cross section of the 
bonded part examined by SEM (Scanning Electron 
Microscope), a bonding layer 21 1 was found to have a 
Cu-Ti compound 214. A brazing filler metal 215 itself 
had a coarse two phase sti-ucture and had few Ti segre- 
gation layer formed. 

Examples 

A bonding material produced in tiie same way as in 
Example 4 was previously heated at 973 K for two hours 
in a vacuum of 2.5 x 10'"* Pa. It was found, when the 
heat treated bonding material was examined, that the Ti 
layer produced a Tl-Ag compound. 

The bonding material having tiie Ti layer containing 
the Ti-Ag compound was placed between an alumina 
member and an SUS304 member each having the 
same size as in Example 4 so that the TI layer contain- 
ing ttie Ti-Ag compound was in contact with the alumina 
member, and they were heated up to 1058 K at a heat- 
ing rate of 10 K/min In a vacuum of 2.5 x IO''* Pa. and 
kept at the same temperature for five minutes to bond 
the alumina menlber and the SUS304 member. 

The t>onded body thus produced was examined for 
its conditions and found that the tx)nding was good in 
tiie same way as in Example 4. And, tiie bonded section 
had the same texture as that in Example 4. 
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Example 6 

An Ag layer was plated to a thickness of about 40 
on either surface of a Cu ring having an outer diam- 
eter of 49 mm. an inner diameter of 41 mm, and a thick- s 
ness of 0.2 mm, and a Ti layer was vacuum plated to a 
thickness of 3 M.m onto one of the Ag layers to form a 
bonding material. 

And, an alumina cylindrical container having an 
outer diameter of 50 nun, an inner diameter of 40 mm, io 
and a height of 60 mm was prepared. The atx>ve bond- 
ing material was disposed on both bonding surfaces of 
the alumina cylindrical container to have the Ti layer 
contacted with the alumina cylindrical container. Then, 
an edge sealing type end plate made of SUS304L was is 
placed on each bonding material. They were heated up 
to 973 K at a heating rate of 1 0 K/min in a vacuum of 2.5 
X 10'^ Pa, and kept at the same temperature fbr two 
hours to simultaneously effect the formation of a Tl-Ag 
compound and the bakeout of the container interior. 20 
Subsequently, the temperature was raised up to 1060K 
at a heating rate of 10 K/min, and held at this tempera- 
ture fbr 5 minutes to produce a vacuum airtight con- 
tainer. 



Comparative Example 5 
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To compare with Example 6. Comparative Example 
5 was conducted in which the procedure of Example 6 
was repeated to produce a vacuum airtight container 30 
except that a Ti-Ag-Cu alloy brazing filler metal having 
an outer diameter of 49 mm, an inner diameter of 41 
mm. and a thickness of 0.2 mm was used. 

The vacuum airtight containers produced in Exam- 
ple 6 and Comparative Example 5 were examined. It 35 
was found that the vacuum airtight container of Exam- 
ple 6 has a sealed section 21 with a good flow of a braz- 
ing filler metal 22 to form a sufficient leg length as 
schematically shown in Fig. 15. In the drawing, refer- 
ence numeral 23 designates a Cu intermediate layer 40 
having kept a solid phase state as the diffusion barrier, 
and a Ti segregation layer 25 was formed on an alumina 
container 24 between the Cu intermediate layer 23 and 
the alumina container 24, and a brazing filler metal 26 
itself had a fine eutectic texture. In the drawing, refer- 45 
ence numeral 27 is an edge sealing type end plate 
made of SUS304L. And. the vacuum airtight container 
of Example 6 was not found any leak, and had a 
strength of 1000 kgf when subjected to a tension test. 

In the case of the vacuum airtight container of Com- 50 
parative Example 5. it was found that a brazing filler 
metal 28 did not melt completely, it had a matte surfece, 
and some areas did not have a leg length as schemati- 
cally shown in Rg. 16. The brazing filler metal 28 was 
examined fbr its texture in cross section and found sub- ss 
stantially no fine eutectic texture, a coarse texture con- 
taining a Cu-Ti compound, and no TI segregation layer. 
And, in the vacuum airtight container of Comparative 
Example 2, leak was obviously found, and the tension 



test resulted in separation from the bonded portion at a 
load of 300 kgf. 

Example 7, Comparative Example 6 

An Ag layer was plated to a thickness of about 30 
\ixr\ onto either side of a ring of Cu having an outer diam- 
eter of 49 mm, an inner diameter of 41 mm, and a thick- 
ness of 0.15 mm, and a TlAg compound layer was 
sputtered to a thickness of 5 fim onto one of the Ag lay- 
ers to make a bonding material. 

Then, the above bonding material was placed on 
the bonding surface at either end of an alumina cylindri- 
cal container having an outer diameter of 50 mm, an 
inner diameter of 40 mm, and a height of 60 mm to have 
the TiAg compound layer contacted with the alumina 
cylindrical container, and a seal cover of SUS304L was 
placed on each bonding material. This assembly was 
heated up to 1103 K at a heating rate of 10 K/min in a 
vacuum of 2.5 x 1 0"'* Pa, and held at this temperature for 
20 minutes to seal the alumina cylindrical container and 
the SUS304L seal covers. 

To compare with Example 7, Comparative Example 
6 was conducted in which an Ag layer was plated to a 
thickness of about 30 \un onto either end of a Cu ring 
having an outer diameter of 49 mm, an inner diameter of 
41 mm, and a thickness of 0.2 mm, and a TI layer was 
sputtered to a thickness of 3 ^im onto one of the Ag lay- 
ers to produce a bonding material. /\nd, in the same 
way as In Example 7, the bonding material was placed 
between an alumina cylindrical container and a seal 
cover of SUS304L, directly heated up to 1103 K at a 
heating rate of 10 K/min without performing the heat 
treatment for producing a Tl-Ag compound, kept at the 
heated temperature fbr 20 minutes to seal the alumina 
cylindrical container and the seal oover of SUS304L. 

The sealed sections were compared between 
Example 7 and Comparative Example 6 to find that the 
sealed section in Example 7 had the same surface as 
the ordinary Ag-Cu brazing filler metal, but the sealed 
section in Comparative Example 6 had its surfece partly 
formed of a black film of Ti oxide. 

As descrit>ed above, the ceramic bonding material 
of the present invention can prevent a reaction which 
has an adverse effect on bonding of the constituent ele- 
ments in the active brazing filler metal and a good 
bonded condition can be achieved even when the solid 
phase heat treatment is performed at a high tempera- 
ture for a long duration. And, the metiiod of manufactur- 
ing a ceramic-metal bonded body using the above 
ceramic-metal kxmding material can provide a good 
bonded state stably even in tiie solid phase heat treat- 
ment at a high temperature for a long duration. And, 
another method of manufacturing a ceramic-metal 
bonded product can also provide the same good 
bonded state stably 
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Claims 

1. A ceramic-metal bonding material to be used for 
bonding a metal member to a ceramic member 
comprising a brazing filler metal layer placed on the s 
side of said metal member, an active metal brazing 
filler layer placed on the side of said ceramic mem- 
ber, and an intermediate layer which is placed 
between said brazing filler metal layer and said 
active metal brazing filler layer and contains a solid io 
phase state of said metal member component to 
prevent the constituent elements of said metal 
member layer from dispersing. 

2. A ceramic-metal bonding material according to is 
Claim 1 , wherein said brazing filler metal layer con- 
tains one member selected from a group of compo- 
nents Ag-Cu, Ag-Cu-ln, Ag-Cu-Sn, and Ag-Pd. 

3. A ceramic-metal bonding material according to so 
Claim 2, wherein said brazing filler metal layer has 

a thickness of 5 p,m to 2 mm. 

4. A ceramic-metal bonding material according to 
Claim 1, wherein said active metal brazing filler 2s 
layer contains one member selected from a group 

of components Ti, 2ir, Hf, Al, Cr, Nb. and V. 

5. A ceramic-metal bonding material according to 
Claim 4, wherein said active metal brazing filler so 
layer has its component mixed in 0.1 to 30% by 
weight with respect to the component of the brazing 
filler metal layer. 

6. A ceramic-metal bonding material according to 35 
Claim 5, wherein said active metal brazing filler 
layer has Hs component mixed in 0.1 to 15% by 
weight with respect to the component of the brazing 
filler metal layer. 

40 

7. A ceramic-metai bonding material according to 
Claim 4. wherein said active metal brazing filler 
layer has a thickness of 5 |itn to 2 mm. 

8. A ceramic-metal bonding material according to 4s 
Claim 1 , wherein said Intermediate layer contains 
one member selected from a group of components 

W, Mo. Fe. Ta. Ag. and Cu. 

9. A ceramic-metal bonding material according to so 
Claim 8. wherein said intermediate layer has a 
thickness of 25 ^m to 1 mm. 

10. A ceramic-metal bonding material according to 
Claim 1 , wherein said brazing filler metal layer and 55 
said intermediate layer have a thickness ratio of 
1:0.7 to 10. 



11. A ceramic-metal bonding material according to 
Claim 10, wherein said brazing filler metal layer is 
Ag, and said intermediate layer is Cu. 

12. A ceramic-metal bonding material according to 
Claim 1, wherein said brazing filler metal layer is 
Ag-Cu. and said intermediate layer is Ag or Cu. 

13. A ceramic-metal bonding material according to 
Claim 1. wherein said brazing filler metal layer or 
said active metal brazing filler layer is a corrugate 
brazing ffller metal. 

14. A ceramic-metal bonding material according to 
Claim 1. wherein said brazing filler metal layer or 
said active brazing filler metal layer is a porous 
txazing filler metal. 

15. A ceramic-metal bonding material to be used for 
tx)ndtng a metal member to a ceramic member 
comprising a brazing filler metal layer placed on the 
side of said metal member, an active metal brazing 
filler layer placed on the side of said ceramic mem- 
t)er. and an intermediate layer which is placed 
between said brazing filler metal layer and said 
active metal brazing filler layer and contains a solid 
phase state of said metal member component to 
prevent the constituent elements of said metal 
member layer from diffusing: said intermediate 
layer having a shape that its part, which is in con- 
tact with said seal cover with said brazing filler 
metal layer therebetween, is thicker than its both 
ends. 

16. A ceramic-metal bonding material according to 
Claim 15, wherein said intermediate layer has its 
tx)th ends tapered. 

17. A ceramic-meta! bonding material according to 
Claim 15, wherein said intermediate layer has its 
both ends stepped. 

18. A ceramic-metal bonding material according to 
Claim 15, wherein said intermediate layer has its 
entire surface covered with a brazing filler metal 
layer. 

19. A ceramic-metal bonding material comprising a 
laminate of an Ag layer, a Cu layer and an Ag layer 
overlaid in this order and a Tl-containing layer 
which is formed on at least one side of said lami- 
nate and contains at least a Ti-Ag compound. 

20. A ceramic-metal bonding material according to 
Claim 19 further comprising a Ti-containing layer 
which contains a Ti-Ag compound and consists of 
the Ag layer having Ag (200) orientation and the Ag 
layer having Ti (002) orientation. 
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21. A ceramic-metal bonding material according to 
Claim 19, wherein said Ag layer has a thickness of 
5 |im to 2 mm. 

22. A ceramic-metal bonding material according to 
Claim 21 , wherein the Ti-Ag layer has a thickness of 
5 ^m to 2 mm. 

23. A ceramic-metal t>onding material according to 
Claim 19, wherein the Ti component of the Ti-oon- 
taining layer is contained in 0.1 to 30% by weight 
with respect to the Ag-Cu brazing filler metal com- 
ponent consisting of the Ag layer and the Cu layer. 

24. A ceramic-metal bonding material according to 
Claim 23, wherein the Ti component is contained in 
0.1 to 15% by weight with respect to the Ag-Cu 
brazing filler metal. 

25. A ceramic-metal bonding nrmterial according to 
Claim 19, wherein the Cu layer has a thickness of 
25 |iim to 1 mm. 

26. A ceramic-metal tx)nding material according to 
Claim 19, wherein said Ag layer and said Cu layer 
have a thickness ratio of 1 :0.7 to 10. 

27. A ceramic-metal bonding material according to 
Claim 19. wherein the Ti-Ag compound in the Ti- 
corrtainlng layer is 10% by weight or more. 

28. A ceramic-metal bonding material according to 
Claim 27, wherein the Ti-Ag compound in the Ti- 
containing layer is 60% t>y weight or more. 

29. A vacuum airtight container having an insulating 
container made of a ceramic member and a seal 
cover made of a metal member to seal openings of 
said insulating container, wherein said insulating 
container and said seal cover are sealed with a 
ceramic-metal bonding material which comprises a 
brazing filler metal layer placed on the side of said 
metal member, an active metal brazing filler layer 
placed on the side of said ceramic member, and an 
intermediate layer which is placed between said 
brazing filler metal layer and said active metal braz- 
ing filler layer and contains a solid phase state of 
said metal member component to prevent the con- 
stituent elements of said metal member layer from 
diffusing. 

30. A vacuum airtight container having an insulating 
container made of a ceramic member and a seal 
cover made of a metal member to seal openings of 
said insulating container, wh^ein said insulating 
container and said seal cover are sealed with a 
ceramic-metal bonding material which comprises a 
brazing filler metal layer placed on the side of said 
metal member, an active brazing fOler metal layer 



placed on tiie side of said ceramic member, and an 
intermediate layer which is placed between sakJ 
brazing filler metal layer and said active brazing 
filler metal and contains a so\ki phase state of said 

5 metal member conponent to prevent the constitu- 
ent elements of saki metal member layer from dis- 
persing; said intermediate layer having a shape that 
its part, which is in contact witii said seal cover witii 
said brazing filler metal layer therebetween, is 

10 thicker than its botii ends. 

31. A vacuum airtight container having an insulating 
container made of a ceramic member and a seal 
cover made of a metal member to seal openings of 

75 said insulating container, wherein said insulating 
container and said seal cover are sealed with a 
ceramic-metal bonding material which comprises 
an Ag layer to be placed on the side of said metal 
member, a Ti-containing layer containing a Ti-Ag 

20 compound to be placed on the side of said ceramic 
member, and a Cu layer which is placed between 
said Ag layer and said Ti-Ag layer and contains a 
solid phase state of said metal member component 
to prevent the constituent elements of said metal 

25 member layer from diffusing. 

32. A method of manufacturing a ceramic-metal 
bonded product which comprises pladng between 
a ceramic member and a metal member a ceramic- 

30 metal bonding material which has a laminate hav- 
ing an Ag layer, a Cu layer, and an Ag layer overlaid 
in this order and a Ti-containing layer containing at 
least a Ti-Ag compound formed on at least one sur- 
face of said laminate so as to contact sakJ Ti-con- 

35 taining layer to said ceramic member, and heating 
tiiem at a temperature of tiie melting temperature or 
above of said bonding material to bond said 
ceramic member and said metal member. 

40 33. A method of manufacturing a ceramic-metal 
bonded product which comprises placing between 
a ceramic memjser and a metal member a bonding 
material which has a laminate having an Ag layer, a 
Cu layer, an Ag layer, and a Ti layer overlaid in tills 

45 order so as to contact said Ti-containing layer to 
said ceramic member, once keeping them at a tem- 
perature of 673 K or above but less than the melting 
temperature of said bonding material, and heating 
up to the melting temperature or above of said 

so bonding material for the heat treatment to bond said 
ceramic member and said metal member. 



55 



13 



EP 0 743 131 A1 




XZZZZ2ZZZZZZZZZZZ^-z^ 



\ \ \ \\N 




^4 



1 



k\\\\\N 



F/Q.2 



14 



EP 0 743 131 A1 




^^^^^^^^^ 



\\\\\ 

\ \ \ \ \ 



F/a.3 




F/Q.4 



15 



EP 0 743 131 A1 




10b 



10a j 



10 





10a / 



10 



10b-E3IX 




\ \ k 1Qb 



(C) 



16 



EP 0 743 131 A1 



1 




\\ \ \ \ \ 



F/S.7 




\ \ \ \ \ \ 

HQ. 8 



17 



EP 0 743 131 A1 




EP 0 743 131 A1 




FIQ.10 



12 

12a i 



19 



EP 0 743 131 A1 



205 




201 



FIQ.12 




F/Q.13 



214 /Zl^ 




\ \ \ V 



20 



EP 0 743 131 A1 





21 



EP 0 743 131 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 3486 



DocuME^^^s considered to be relevant 



Catee«ry 



CkadoB of documeot with indicadoo, where ai^ropriate, 
of fttevaat passaggg 



RdevMit 
to ctmim 



CLASSinCATION OF THE 
APPUCATION (IBLCL6) 



X 
X 



A 

A 



EP-A-0 286 335 (TOSHIBA) 

* examples 4,5 * 

EP-A-0 277 645 (SUMITOMO ELECTRIC 
INDUSTRIES) 

* claims; examples * 

US-A-5 108 025 (S. KANG ET AL) 

* claims 1,7,9.13.14; examples * 

US-A-4 988 034 (M. TANIGUCHI ET AL) 

* the whole document * 
DE-A-34 22 329 (NGK SPARK PLUG) 

* claims; table 1 * 

PATENT ABSTRACTS OF JAPAN 

vol. 13. no. 591 (M-913), 26 December 1989 

& JP-A-01 249293 (TANAKA), 4 October 1989. 

* abstract * 

GB-A-2 167 989 (UNITED STATES DEPARTMENT 
OF ENERGY) 

DE-C-33 45 219 (DAIMLER-BENZ) 



1-10.29, 
30 



1-6 



B23K35/14 
C04B37/02 
//H01H33/66 



1-11 



1-10,32, 
33 



1-12,32, 
33 



1.13 



TfXHNICAL FIELDS 
SEARCHED (IntCL6) 



B23K 

C04B 



The p reseat search report has been drawn 19 for aO dains 



g 
I 

a 

i 

i 

P 



Place ■fsenli 

THE HAGUE 



Me flf smvIcUm tr tie mvA 

30 August 1996 



Mollet, G 



CATEGOKV OP dTEO DOCUMENTS 



X : particslajty rdevut if tafcea iloae 
Y : paiticalariy Kteyant tf comhiaci with 

docmacnt of the same caf«;gBiy 
A : technological baekgnmni 
O: aoD-writtca<iS4~ 
P : iatcmetflaM 4m 



T : Iheoiy or prndplc andcriyiag tke iniwBtion 
E : earlier patent fooDOMnt, but pablished on, or 

ifter the fiUog date 
D : iocoBcat dtcd io the appUcattoa 
L: tecmacat dted fer other reasons 



rofthei 



t patent fciafl^p corresponrffaig 



22 



